The idea that phytoplankton size structure increases with elevated nutrient content in lakes may be inaccurate because phototrophic picoplankton (Ppico) abundance was not accounted for in studies that originally described this phenomenon. The biomass, composition, and production of an entire phytoplankton community was evaluated in hypereutrophic Lake Apopka, Florida (avg chlorophyll = 105 pg liter-', y1 = 20) for 1 yr. Ppico cell abundances commonly exceed 10' cells ml -I, and size-fractionated chlorophyll (<5 pm) and algal enumeration (cells <2 pm in size) indicate that pica-size cyanobacteria contribute significantly to phytoplankton biomass throughout the year (avg 30%, n = 15), even though clogging of small pore-sized filters used in chlorophyll fractionation studies led to underestimation of Ppico biomass estimates. Ppico production contributed nearly 30% (n = 8) to total phytoplankton production. The quantitative importance of Ppico in Lake Apopka and eight other hypereutrophic systems in Florida (avg 50% Chl <5 pm) indicates that Ppico can be important in waters of high nutrient content. The importance of small phytoplankton in productive waters may have been overlooked because (1) most studies focus on relatively pristine ecosystems, (2) some methodological constraints may impede studies in eutrophic environments (filtration artifacts), and (3) routine assessment of phytoplankton abundance rarely censuses all components of the community, including small algae.
The contribution that phototrophic picoplankton (Ppico, algae 0.2-2 pm in size) makes to phytoplankton biomass and primary productivity in aquatic ecosystems has become evident during the past decade (e.g. Stockner 1988 ). Substantial information on Ppico distribution, composition, and food-web dynamics exists for marine ecosystems (e.g. Platt and Li 1986) . In lakes, temporal and spatial patterns in Ppico abundance and composition have been documented (e.g. Pick and Caron 1987; Fahnenstiel and Carrick 1992) and subsequently associated with pH (Stockner and Shortreed 1991) , light penetration (Pick 1991) , and food-web interactions (e.g. Weisse et al. 1990; Fahnenstiel et al. 1991) . Still, the relationship between Ppico abundance and lake trophic state is not well understood, particularly for lakes of greater nutrient content that reside outside the temperate zone. Nonetheless, a contemporary view of trophic structure now recognizes Ppico production as an integral component of pelagic food webs (Sherr and Sherr 1988; Stockner 1991) .
It is generally accepted that increasing nutrient concentrations enhance phytoplankton biomass and productivity and promote the occurrence of specific assemblages (e.g. Hutchinson 1967; Hecky and Kilham 1988) . For instance, increased nutrient concentrations produce phytoplankton as-semblages dominated by larger cyanobacteria in both temperate (Watson and Kalff 1988) and tropical (Duarte et al. 1992) lakes, although these studies were not designed to simultaneously evaluate the importance of Ppico. Initial estimates show that Ppico abundance decreases in waters of greater nutrient content (Stockner and Antia 1986) . Many Ppico species have very rapid nutrient uptake rates and are capable of maintaining high uptake independent of cell quotas (Suttle and Harrison 1986) . This may afford Ppico a competitive advantage in nutrient-poor waters and areas where nutrients are supplied in pulses, such as upwelling zones in the ocean (see Stockner for review). Moreover, declines in freshwater Ppico abundance have been observed under nitrogen-deplete (Sondergaard 199 1) and phosphorus-replete (Wehr 1991) conditions, both of which typify more eutrophic lake conditions (e.g. Schelske 1975) . Despite this, high Ppico cell densities have been observed in eutrophic to hypereutrophic Hungarian lakes, although the contribution of Ppico to overall phytoplankton biomass and production was relatively low (Voros et al. 1991) . Thus, associated patterns between phytoplankton size structure and increasing nutrient content are less than certain (e.g. Turpin and Harrison 1980) .
In this paper we present information on the annual distribution, composition, and production of Ppico in a hypereutrophic, subtropical lake (Lake Apopka, Florida). Enumerations of pica-, nano-, and micro-size phytoplankton, as well as size-fractionated chlorophyll data, indicate that pica-size cyanobacteria contribute significantly to phytoplankton biomass throughout the year (avg 30%). In Lake Apopka, Ppico abundances exceed lo7 cells ml-l and represent some of the highest standing stocks reported to date (Stockner 1991) . The quantitative importance of Ppico in Lake Apopka and eight other hypereutrophic systems in Florida indicates that 1613 Ppico can be quantitatively important in waters of high nutrient content. Studies in these environments may be prone to experimental artifacts, such as filter clogging, that can complicate the ability to determine the role of small phytoplankton.
Materials and methods
Ambient conditions in Lake Apopka-Lake Apopka is a large (surface area of 124 km2), shallow (mean depth of 1.7 m) lake located in central Florida, -25 km northwest of Orlando (28"37'N, 81'38'W) . It has a simple saucer-shaped basin whereby a limited portion of the lake exceeds 2 m in depth (Reddy and Graetz 1991) . Water temperatures are high, commonly >3O"C and rarely <16"C (avg 25 rt 5°C). Secchi depths are generally restricted to the upper 25 cm of the water column, and the midday 1% light level usually occurred at a depth of 0.8 m (Schelske et al. 1992 ).
The lake is typified by high nutrient concentrations and phytoplankton biomass. Ranges for total P are -100-500 p,g liter-l while total N values range from 3,000 to > 11,000 pg liter-l (Schelske et al. 1992) . Concentrations of NO,--N + NO,--N and P043--P are low (<2 pg liter-'), and ammonium (NH,+-N) concentrations are generally <5 pg liter-l (St. John's River Water Management District unpubl. data). Most N and P are present in the particulate form (Carrick et al. 1993b) . By most measures, Lake Apopka is presently considered at the hypereutrophic end of the spectrum for freshwater lakes (Canfield 1983 ).
Water column conditions and sampling-Lake Apopka was sampled at a single offshore station 21 times during a 12-month period (November 1990 (November -1991 . Surface-water samples were collected at -2-week intervals from November 1990 to April 199 1, while more detailed water-column sampling was conducted at approximately monthly intervals from April to November 1991 (excluding August and October). On each sampling date, a surface-water sample (0.3 m) was collected with a clean 5-liter PVC Niskin bottle or a submersible pump for the determination of phytoplankton biomass and water chemistry (see below). Dissolved oxygen and temperature profiles were measured with a YSI meter and pH was determined in situ with a standard meter (Fisher Accumet 57). Underwater scalar irradiance (photosynthetically active radiation, PAR) was measured with a LiCor LI-1000 meter fitted with upwelling and downwelling submersible 27r quantum sensors. Light penetration was measured with a 25-cm-diam Secchi disk. Concentrations of soluble and particulate N and P were measured over a lo-month period (February-November 1991) on a Technicon II autoanalyzer by using calorimetric reactions according to standard methods (APHA 1989) .
On eight dates (26 June-4 November 1991), phytoplankton abundance was determined from water collected at seven depths (0, 0.3, 0.5, 0.8, 1.1, 1.2, 1.25 m) with a submersible pump. Past studies show that cells are not damaged when water is collected with this submersible pump, and the growth of phytoplankton in water collected by pumping is not different compared with water collected with a Niskin bottle (Cat-rick et al. 1993b ). To ensure clean techniques, all bottles and ves:;els were washed, acid-cleaned, and rinsed three times with deionized water prior to their use in the handling of lake water.
Phytoplankton biomass and composition-Phytoplankton biomass was defermined by using two independent measures (November 19913-1991, n = 20) . Chlorophyll a concentrations corrected for pheophytin were determined fluorometritally on lake water passed in equal volumes through three different screens (various 5.0-pm filters; 30-and 105-pm Nitex screens) either by gravity or under low pressure (~5 mm Hg). From November 1991 to March 1992, Whatman 5.0-pm polycap filter capsules were used in the fractionation scheme (n = 6), while 5.0-pm Spectromesh nylon filters were used on all other dates (n = S), except on 3 April 1992, when Nuclepore filters were used. The resulting filtrates from all screen:; and a subsample of raw lake water were concentrated onto membranes (Whatman EPM 2000, pore size of 0.3 pm) and Chl a extracted in a 50 : 50 mixture of acetone: DMSO (Shoaf and Lium 1976) without grinding. The filter types used in our size-fractionation studies were chosen based on preliminary studies in which 5-, 30-, and 105-pm pore-size filters provided the best separation among the species present in the lake (see below).
Phytoplankton abundance was measured microscopically by using a stratified enumeration technique (Carrick et al. 1993a) . Owing to the range in cell size and abundance of the phytoplankton, picoplankton (>0.2 and <2 pm in cell size), and cells in the nano-(>2-and <20-pm) to micro-(>20-and <200-pm) plankton size range were measured separately. Duplicate water samples were collected and transferred into 125-m] amber bottles for microscopic analyses; the first sample was preserved with 1% glutaraldehyde (picoplankton sample) and immediately refrigerated, and the second received 1% Lugol's acid iodine (nano-and microplankton samples) and was stored at room temperature.
Ppico were enumerated by using epifluorescence microscopy from slides prepared within 24 h of sampling. Subsamples (-1.0 ml) were filtered onto prestained (irgalan black) 0.2-pm pore-sizl= Nuclepore filters and mounted between a microscope slide: and coverslip with immersion oil. Slides were stored at --20°C and counted within 1 week to minimize the fading of fluorescence (Carrick and Fahnenstiel 1989) . Biomass was estimated by counting a total of 500-2,000 individuals from two duplicate slides (<5% counting error assuming F*oisson statistics) by using a Nikon Optiphot research microscope (1,000X) equipped for Chl a fluorescence (blue light 450-490 nm excitation and >515 nm emission), and by determination of phycobilin proteins (green light 530-560 run excitation and >580 nm emission). Dominant pigment fluorescence of individual picoplankton cells was used to assign general taxonomic (phylum) position (Tsuji et al. 1986 ).
Nano-and microplankton were determined from permanent mounts (Dozier and Richerson 1975) by enumerating 500-1,000 cells. Cell volumes for all taxa were determined by measuring the cellular dimensions of at least 10 cells on two dates. These estimates were converted to carbon based on either Strathmann (1967) equations for nano-and microplankton or on Laws et al. (1984) conversion factor of 0.15 g C ml-l for picoplankton. Cell size for each taxon was back-calculated from cell volume estimates and expressed as equivalent spherical diameter (Fm). The algal taxonomy applied herein conforms to that outlined by Prescott (1973) , making provisions for changes by Rippka et al. (1979) for some of the cyanobacteria; diatoms were identified by using the approach of Patrick and Reimer (1966) as well as the modifications provided by Round et al. (1990) .
We assessed the ability of our filtration technique to separate phytoplankton by size on three dates (3 April, 16 September, and 4 November 199 1) by measuring differential passage of phytoplankton through our filters. This comparison included several 5.0-t,~rn pore-size filter types (nylon, Nuclepore, and Whatman Polycap 36HD), as well as lo-pm, 30-pm, 105-t,cm, and whole lake water. For all comparisons, a common volume was allowed to pass through each filter. The resulting filtrates were processed for chlorophyll and cell counts as described above.
Phytoplankton production estimates-Phytoplankton production was determined from eight bottle experiments (December 1990 -November 1991 , where changes in algal cell density were monitored. This method was used because it provides a direct measure of species-specific growth over a complete growth cycle. For six of eight experiments, changes in cell densities were measured in raw lake water (50 ml) diluted with a larger volume (700 ml) of lake water passed through a 0.2-pm filter capsule. On 5 December 1990 and 24 January 1991, phytoplankton growth was measured on undiluted cells passing a 5-pm screen (Sherr and Sherr 1983) . In concept, both dilution and size-separation techniques alleviate grazing pressure and maintain ambient chemical conditions, thus providing estimates of intrinsic algal growth rates.
For all experiments, a darkened 20-liter carboy was gently filled with lake water from a depth of 0.3 m by using a clean PVC Niskin bottle to avoid contamination. All lake water mixtures were dispensed into bottles (750-ml polystyrene tissue culture) and placed in an incubator (Percival) that was maintained at constant ambient lake temperature and moderate light conditions. A light climate was chosen that approximates that from 0.5-m depth in the water column (14 : 10 L/D cycle at 100-300 PEinst m 2 s-l). Exponential growth rates were calculated by r = ln(N,/N,)lt, where r is the rate of algal growth (d I), N, and N, are the initial and final estimates of phytoplankton density that were enumerated microscopically (see above), and t is the time between initial and final samplings. We sampled the bottle experiments after 24 h of incubation in order to keep incubation times as short as possible, thus avoiding associated artifacts that can affect plankton growth while also alleviating the problem of sampling between the cellular division cycle ). These growth rates are likely a measure of rates ranging from gross to net growth, because any mortality unaccounted for within our bottles (e.g. grazing and cell damage) might reduce the observed growth rates.
Daily phytoplankton production was calculated by con- verting exponential growth rates to linear rates ). Linearized growth rates were then multiplied by phytoplankton biomass in the water column to obtain production values. These estimates assume that biomass in the water column remains constant throughout the day. Although this method is laborious, it is not prone to artifacts encountered by filter fractionation of incorporated 14C isotope to estimate size-specific primary production (e.g. Fahnenstiel et al. 1994) .
Results
Phytoplankton abundance-The abundance of phytoplankton in the surface waters of Lake Apopka (depth of 0.3 m) was high on all sampling dates (Fig. 1) . Cellular carbon and chlorophyll concentration values ranged from 3 to 15 mg C liter -I and 51 to 260 pg liter-l, respectively. Total cell abundance was also high and ranged from 0.77 to 3.81 X lo7 cells r-n-l (avg 1.72 -t-0.79 X lo7 cells ml-l). Considerable temporal variation was observed whereby a seasonal peak in abundance occurred in late February-April. The abundance of photoautotrophic picoplankton (Ppico, Fig. 1 ) mirrored the seasonal distribution of phytoplankton, ranging from 0.77 to 2.98 X lo7 cells ml-l (1.36 + 0.68 X lo7 cells ml I).
All three biomass estimates were in reasonable agreement-cell abundances were correlated with both cellular carbon (r = 0.91, n = 20, P < 0.001) and chlorophyll concentrations (r = 0.73, n = 20, P < 0.001). Vertical watercolumn sampling (June-November 1991, n = 9) indicated that both phytoplankton chlorophyll and carbon were relatively constant with depth but increased dramatically on the bottom of the lake. This was due to a meroplanktonic algal maximum existing in a flocculent lake bottom layer -0.05 m thick (see Carrick et al. 1993a ).
Phytoplankton size structure-Phytoplankton biomass (as carbon) in the lake was dominated by small algae in the pica-to nanoplankton size categories (Fig. 2B) . Temporal variance in phytoplankton size structure (C.V. = 20%) was low compared with that for total biomass (C.V. = 50%). The percent contribution of Ppico carbon to total phytoplankton carbon ranged from 16 to 59% (39.7 + 12.0%), while the contribution of nanoplankton carbon ranged from 33 to 73% (5 1.3 k 12.0%). Algal microplankton constituted a small component of the phytoplankton community (range of 2-16%; 9.0 2 8.3%).
Size structure inferred from fractionated chlorophyll also indicated the quantitative importance of small algae ( Fig.  2A) . Chlorophyll in the <5-pm fraction ranged from 2 to 65% and constituted an average of 28.0 4 18.5% of total chlorophyll. Chlorophyll in the <5-pm size category was correlated with all three phytoplankton carbon size categories, but agreed most strongly with Ppico carbon (r = 0.81, n = 15, P < 0.0001). Nonetheless, the percent contribution of Ppico inferred from chlorophyll passed through 5-,um pore-size filters was conservative compared with those determined directly from cell counts of picoplankton in raw lake water. Such differences can be attributed in part to inefficient passage of algae through some filters (see below).
Fractionation techniques provide gross estimates of phytoplankton community size structure and thus they require careful checks to aid in interpretation. The passage of phytoplankton through various filter types (3 April, 16 September, and 4 November 1991) was assessed by directly comparing the composition and chlorophyll content of algae that passed through the filters from a common water sample. Results indicate that picoplankton and nanoplankton were effectively separated by 5-and 30-pm screens, respectively, although some 5-pm filters were prone to clogging. In all Phytoplanktm composition-Surface-water phytoplankton carbon was dominated by cyanobacteria. The contribution of cyanobacteria (Cyanophyta) showed relatively little temporal variation (90.3 ? 8.3%) and was only lower than 85% on one occasion. Diatoms (Bacillariophyta) contributed <lo% to total carbon (8.4 ? 7.9), although their importance varied seasonally (range of 5-20%). Other algal groups (Chlorophyta, Chrysophyta, Cryptophyta, Euglenophyta) Table 1 . Results from three experiments designed to assess directly the passage of phytoplankton through various screens routinely used in Lake Apopka field studies. The percent composition of cyanobacteria was determined from microscopic cell counts (percentages are relative to cyanobacteria carbon). Table 2 . A summary for the percentage of Chl a passing several 5-pm filters compared with Ppico biomass (as % of total phytoplankton carbon) determined from direct counts. Lake survey data were collected by using one of the three filter types during routine sampling of Lake Apopka. In three experiments, the passage of phytoplankton through each filter type was contrasted. were present sporadically during the year, and collectively they composed <2% of total biomass. Five common chroococcoid cyanobacteria taxa were important in Lake Apopka. All seem to be phycocyanin-rich in terms of their pigment composition, given their dull autofluorescence under blue light excitation (450-490 nm) and bright red emission under green light (490-510 nm) excitation (see Tsuji et al. 1986 for explanation). The most abundant taxon was characterized by single (or groups < 10 cells in number), spherical cells l-2 pm in size. This taxon (probably Synechococcus sp.) was abundant on all dates in the lake and constituted 20.8 ? 6.6% of surface-water phytoplankton biomass. Three colonial cyanobacteria (groups > 10 cells) were present in the surface waters during various periods of the year, although only one of these taxa occurred consistently in our samples and contributed significantly to total algal biomass (15.5 +: 6.1%). This taxon (probably Synechocystis sp.) was distinguished by having ovoid cells (l-2 X 2 pm in size) that formed chains; the division pattern seemed to be biplanar, giving these colonies a flat appearance, although this was not confirmed with cell cultures.
Size-specific phytoplankton production-Ppico contribute significantly to overall phytoplankton production in Lake Apopka as determined in our bottle experiments (Fig. 4A ). Cellular division rates varied between 0.1 and 0.6 d-l, translating to total phytoplankton production estimates that ranged from 60 to 1,550 pg C liter-l d-l. Ppico production ranged from 70 to 610 pg C liter-l d-l and accounted for 30-167% of total phytoplankton production. Ppico exceeded total phytoplankton production on 24 January because Ppico outgrew larger phytoplankton in prefractionated lake water. A strong relationship exists between Ppico and total phytoplankton production, indicating that picoplankton production constitutes on average -30% of total phytoplankton production (Fig. 4B ). lo7 cells ml-l) is among some of the highest values reported for freshwaters (Stockner 1991) . The large contribution of Ppico to total phytoplankton biomass in this productive lake rivals that in more oligotrophic environments where picoplankton are thought to be most important (e.g. Platt and Li 1986; Stockner and Antia 1986) . Thus, picoplankton also seem to play an important role in eight other eutrophic to hypereutrophic Florida lake systems, where abundances were >106 cell ml-l and >50% of total chlorophyll passed a 5-pm screen (Table 3) . Our results seem to run contrary to previous accounts about the reduced abundance of Ppico abundance with increasing lake trophic state.
Discussion
Both direct cell counts and chlorophyll fractionation through 5-pm screens indicate the importance of Ppico in Lake Apopka, although fractionated chlorophyll estimates were more conservative due to some filter clogging (see below). We used larger pore-size screens (5-pm pores) compared with those routinely used in studies of Ppico (l-3-pm screens) because smaller pore-size screens clogged after attempting to pass even small volumes of water through them. Good agreement between our independent measures of Ppico biomass, along with direct inspection of filtrates, shows that the 5-pm screens can provide reasonable estimates of Ppico biomass. By most measures, Lake Apopka is considered to be a hypereutrophic lake. Secchi depth (avg of 25 cm, n = 32) and total phosphorus and nitrogen concentrations all fall into the hypereutrophic category for most common ordinations of the lake trophic state (e.g. Carlson 1977) . Phytoplankton biomass is similar to that reported for other eutrophic-hypereutrophic lakes in temperate (Smith 1982) and tropical (Canfield 1983 ) geographic regions. In fact, the lowest chlorophyll levels observed during December 1990 in the lake (51 pg liter-') still fall into the eutrophic-hypereutrophic range. The same classification seems to apply to eight other lakes we sampled (see Table 3 ).
The paradigm relating increasing algal cell size to increasing nutrient concentration is not wholly accurate, probably because it is based on studies of limited breadth. For example, the comparisons made for lakes of varying trophic status in Ontario, Canada (Pick and Agbeti 1991), New Zealand (Burns and Stockner 1991) , and The Netherlands (Sondergaard 1991) span a gradient in water-column chlorophyll from 1 to 30 pg liter-'. Given these phytoplankton standing stocks, the most productive of these lakes would be classified as mesotrophic by using the Carlson index. Recent information from productive Hungarian lakes (TP of > 150 pg liter-*) shows that Ppico are abundant but do not contribute greatly to total biomass (Voros et al. 1991) . Nonetheless, the idea that picoplankton are less important in eutrophic systems may need to be reevaluated given the limited number of observations at the high end of the trophic scale. Our data for lakes in Florida indicate that picoplankton can indeed constitute a substantial fraction of phytoplankton biomass in productive systems and, in the case of Lake Apopka, contribute significantly to primary production. We suspect that some difficulties in estimating phytoplankton size-specific biomass and production may exacerbate misconceptions about their importance in productive waters.
Diflculties in estimating picoplankton biomass-The paucity of information on picoplankton in productive waters could arise in part from difficulties in studying plankton at high cell densities. Problems associated with size-fractionation of plankton that utilize filters have previously come into question. Difficulties can arise when relying strictly on lake-water fractionation to derive estimates of phytoplankton size structure or obtaining particle-free water for experimentation (Li 1990) . Also, the assumption that filter pore size is accurate and consistent in configuration on filters is not always robust (see Stockner et al. 1990 ). Overestimation of primary produc:ion (14C incorporation) by small cells can result from breakage or direct passage of larger labeled cells that subsequently pass small pore-size (l-, 2-, or 3-pm poresize) filters and inflate estimates of picoplankton production (Fahnenstiel et al. 1994) . The filter-clogging artifact we have identified here becomes a problem when one assumes that the efficiency of cell passage among various screens is equal.
We think that our underestimates of picoplankton biomass by chlorophyll :fractionation may be due to filter clogging. Algal cells do not pass equally through the filters of common pore size that we used in our studies (and tested), such that some screens allow greater passage compared with others. Picoplankton-size cells pass filter capsules more readily than filter membrane:; (both nylon and Nuclepore) of the same 5-pm pore size, and thus capsules seem to provide better estimates of ambient phytoplankton size structure. This is probably an out;yowth of the high volume capacity of filter capsules relative to filter membranes, which reduces the tendency for filter ,:logging and cell breakage that can impede the passage of cells.
Estimates of Ppico biomass derived from chlorophyll fractionation were therefore dependent on the type of filter used. Data obtained from lake surveys and direct experimental comparisons incicate that 5.0-pm nylon and Nuclepore filters underestimate Ppico biomass by -80 and 50%, respectively. Chlorophyll-passing filter capsules, on the other hand, yielded good estimates of Ppico biomass that were conservative by 12-16%. Thus, the disagreement between <5-pm chlorophyll and Ppico carbon determined from cell counts seems to be accounted for by filtration artifacts and clogging.
It is also possible that the degree of clogging may be a function of not only phytoplankton density but the composition of the community itself. Samples taken from Lake Parker and from Lake Apopka showed large filter-fractionation discrepancies. In both lakes, nanoplankton such as Lyngbya contorta and Microcystis aeruginosa are very abundant and seemed to coat the surface of small pore-size (<5-pm openings) membranes. As a result, even relatively small volumes (x50 ml) of lake water did not pass these filters (see Table 1 ).
Utility of phytoplankton community analysis-The accuracy and resolution of any given methodology can be inherently scale dependent. For instance, routine methods for microscopic enumeration of phytoplankton have inherent biases such that individual preparations are best suited to measuring the occurrence of specific components of the total community. In other words, no one plankton enumeration technique will provide accurate estimates (with acceptable precision) for all components of the plankton community (e.g. Reynolds 1984 ). This may be true because of the scaledependent relationship between plankton abundance and cell body size that exists in most natural food webs (e.g. Lindeman 1942; Hansen et al. 1994) .
Thus, more than one plankton enumeration technique may be required to obtain accurate community abundance estimates. Larger planktonic organisms in the nano-to microplankton size range tend to occur at relatively low density relative to smaller plankton, so that their abundance is best determined by either concentrating large volumes of lake water or seawater into counting chambers or filtering water onto moderate pore-size membranes (3-lo-pm pore size), yielding appropriate cell densities for reliable enumeration (Utermohl 1958; Dozier and Richerson 1975, respectively) . These methods allow for microscopic sample analysis at low magnification (100-200X) and resolution without saturating the viewing area with other nontarget organisms and detritus that obscure visualization (e.g. Reynolds and Jaworski 1978) . Smaller nanoplankton and picoplankton (organisms >0.2 and <200 pm in size) are more numerous and can only be enumerated at relatively high magnification (400-1,000X). Lesser volumes of lake water or seawater concentrated onto small-pored filters (0.2-pm pore size), and the filters in turn mounted in a high refractive index medium to produce semipermanent slide mounts (e.g. Dozier and Richerson 1975) . With the proper neutral background, epifluorescence microscopy can be used to enumerate even bacteriasize phytoplankton species (l-2 pm in diam; e.g. Hobbie et al. 1977; Car-on 1983) .
Given the range in cell size and abundance of the phytoplankton in most ecosystems, we routinely use a stratified plankton counting procedure incorporating the ideas expressed above (Car-rick et al. 1992 (Car-rick et al. , 1993a . Two preparations are used to provide good estimates for both larger species that can be rare and patchy in their occurrence in samples, as well as small, abundant taxa that require high magnification and resolution to visualize (see Car-rick et al. 1993a ). All components of the phytoplankton assemblage can thus be censused while using the most appropriate microscopic techniques (low magnification/resolution for larger plankton, high magnification/resolution for small plankton). We think that the use of a stratified enumeration method is necessary to truly assess the abundance of Ppico relative to other plankton. This point is particularly emphasized in light of the difficulty we and others have pointed out about relying strictly on size-fractionation techniques to draw conclusions about the importance of small phytoplankton. Moreover, inaccurate plankton abundance estimates are further compounded when used to calculate species-specific and groupspecific growth rates, where the overemphasis on one or a small subset of populations can be biased by the specific enumeration technique used (Furnes 1990; Carrick et al. 1992 ).
Argument for a changing paradigm-While the importance of small plankton has been documented in the literature for more than a decade (e.g. Stockner and Antia 1986), routine sampling and treatment of the group has yet to be universally adopted. Until this occurs, our understanding of aquatic ecosystem dynamics remains fragmented and incomplete. A case for this omission could be defended if small phytoplankton were not quantitatively important, thus making the increased effort an unnecessary cost. However, a growing body of data indicates the importance of pica-and nano-size plankton in a number of major ecosystems throughout the world, including small lakes (Pick 1991), rivers (Edwards et al. 1990 ), large lakes Chang and Petersen 1995) , estuaries (Malone et al. 1991; hiarte and Purdie 1994) , and the open ocean (Iturriaga and Mitchell 1986; Chisholm et al. 1988) . Aside from the common methodological constraints that we all face, it is our hope here to bridge the conceptual constraints that are often less tangible.
